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12
Gabor Transform to the signal output of a LAS, we improved our knowledge of the accuracy of 13 the measured C n² by determining and attenuating the contribution of absorption. Two studies will 14 be led on a 12-day dataset using either fixed band pass or adaptive filtering. The first one consists 15 in evaluating the best-fitted filter for which the resulting C n² is independent of meteorological 16 conditions, especially wind speed, and the second one consists in accurately attenuating absorption 17 phenomena. A reference C n² (hereafter 'reconstructed C n² ') will be created by accurately removing 18 absorption from the scintillation spectrum, and will be used to evaluate each filter. By comparing 19 the 'reconstructed C n² ' with a raw C n² measured by a scintillometer we found that the average 20 relative contribution of absorption to the measurement of C n² is approximately 1.6%. However, the 21 absorption phenomenon is highly variable; occasionally, in the worst cases, we estimated that the , as its performances are slightly affected by wind speed and that absorption 26 contribution is reduced to 0.6%, with a maximal value at 60%. Using an adaptive filter on the 12-27 day dataset really improves the filtering accuracy on both points discussed in this paper. (e.g. astrophysics, optics, boundary layer meteorology). The twinkling effect (i.e., 3 rapid variations in the apparent brightness of a distant luminous object) can 4 provide information on turbulent atmospheric characteristics for studies related to 5 turbulent exchange of matter or energy. Additionally, scinillation also represents a 6 disturbance or a source of error for studies related to optical measurements of 7 light radiation within the atmosphere. This scintillation phenomenon can be 8 explained as follows. The propagation of a wave through the atmosphere, defined 9 as a turbulent medium, is affected by variations in the refractive index of air, n. 10 These variations are due to fluctuations in humidity, temperature and pressure. 11
Such turbulent effects can be described by the use of the structure parameter of 12 the refractive index of air, C n²
The structure parameter C (Strobehn, 1968; Tatarskii, 1961) . the measured fluctuations of the signal intensity can be sensitive to temperature or 24 humidity effects. In this study, we only focused on optical scintillometers (that is, 25 2005) when considering the sum of the errors due to the miscalibration of 13 the two log-amplifiers of the receiver. 14 -Optics alignment and focus of the mirror (Kleissl et al. 2009 ): This may 17 imply an error of 2 mm in the effective diameter estimation, leading to a 18
4% error in C n²
Other inaccuracies are related to the validity of theoretical assumptions, including 20 the following issues. 21
.
19
-It is assumed that the scintillometer is sensitive to eddies that are in the 22 inertial subrange of turbulence. The device is mainly sensitive to eddies of 23 the size of its diameter, and then, in analysis, it is assumed that it is 24 independent of the inner scale, l 0 . The condition on the outer scale L 0 is 25 This last assumption is the subject of this study. This work focuses on evaluating 4 the impact of absorption on the measurement of C n² in a lossy atmosphere using a 5 scintillometer with a source wavelength of 940 nm. The aim is to improve the 6 accuracy on the C n² estimate with a limited number of theoretical assumptions. and λ is the operating wavelength. In contrast, absorption is a path-integrated 14 process, so variations at larger spatial scales become the determining factor. Thus, 15 absorption is stronger at low frequencies, whereas scintillation is more important 16 at high frequencies. Therefore, when the absorption phenomenon is strong (and 17 scintillation is weak), its effect on the scintillometer-measured signal leads to an 18 overestimation of C n² . Although absorption influence is supposed to be negligible upper cut-off frequency is set at 400Hz to reduce noise coming from high 24 frequencies, but do not infer with absorption removal. However, several authors 25 have suggested different values for the low cut-off frequency of the band-pass 26 The aim of this study is first to understand and quantify the effect of 10 absorption on the value of C n² estimated by an LAS with a source wavelength of 11 940 nm. Then, the filtering effect of these absorption phenomena will be 12 discussed in terms of improvements of the C n² measurement. However, this 13 implies to filter the scintillometer signal in order to remove the effect of the 14 absorption fluctuations, without suppressing too much variance such that the 15 actual scintillations would be underestimated. To achieve this objective, we chose 16 to record the measured signal at the output of a scintillometer and to perform 17 different kinds of filtering (band-pass filtering and adaptive filtering). Using this 18 approach, we could attenuate the effect of absorption on the value of C n² and 19 make conclusions regarding its contribution to the measurement of C n² So, eventually, the paper is structured according to the following plan. 21
First, we present the collected dataset (turbulent fluxes from Eddy Correlation 22 tower and scintillometer data). Then, some theoretical aspects of the scintillometer 23 measurements, like the contribution of absorption to the C . 20 n² measurement or the 24 wind speed effect on the turbulent spectrum, are presented and discussed using 25 some analysis from the dataset results. Then, several filters are considered (fixed 26 The structure parameter of the refractive index of air, C n² , characterises the 22 atmospheric turbulence using the spatial correlation of the refractive index of air, 23
n. In the case of homogeneous and isotropic turbulences, C n² is expressed as: 24 differ from the C n² described by Eq. 1. Firstly, Eq. 1 provides an instantaneous 20 value of the C n² whereas the receiver sensor integrates the C n² value, estimated 21 with Eq. 2. Besides, some assumptions are required to derive the structure 22 parameter of the refractive index of air with Eq. 2. For instance, the atmosphere is 23 supposed to be an absorption free medium, and the turbulences that cause the 24
signal fluctuations recorded by the receiver are assumed to be in the inertial 1 subrange only. With this set of hypotheses, we can assimilate the C n² measured 2 with the scintillometer (i.e. derived from Eq. 2) to the real definition of C n² 3.2 The theoretical contribution of absorption to the C (i.e. 3 from Eq. 1). 4 n² As explained in the section above, Eq. 2 is exact only if the atmosphere is 7 considered as a transparent medium; that is, the refractive index is assumed to be 8 a real number. In practice, this is not the case in the atmosphere, as the transmitted 9 signal is attenuated due to molecular absorption lines and nebulosity. For instance, 10 for the near-infrared range around 940 nm, the absorption lines of the atmosphere 11 are displayed in Figure 1 . This absorption is mainly due to water vapour; in this 12 case, attenuation is higher for a longer transect. where σ² R is the variance due to refractive phenomena, σ² I is the variance due to 8 absorption phenomena, and σ IR is the covariance between refraction and 9 absorption phenomena. Each term in Eq. 3 is expressed by decomposition of the 10 structure parameter into parts corresponding to real and imaginary phenomena. 11
Thus, C nR² is the structure parameter of the real part of n, C nI² is the structure 12 parameter of the imaginary part of n, and C nIR absorption to the measurement, we had to perform a sensitivity analysis of each 24 at the wavelengths of 16 12 µm and 25 µm; i.e., the authors tried to quantify the effects of both refraction 17 and absorption. However, at the wavelength that we used (940 nm), no previous 18 study was available, so we had to determine the contribution of each phenomenon 19 (presented in Annexe 1). A theoretical study at this wavelength is indeed a 20 necessary prerequisite for the experimental determination of the absorption 21 contribution.. 22 variances, we assume that turbulences can be described by an idealized energy 6 spectrum like the Kaimal spectrum (Foken, 2008 , Kaimal et al., 1972 . Using such 7 a spectrum is better adapted to our study than a Kolmogorov spectrum (limited to 8 the inertial subrange), as it is defined for low wavenumbers. The shape of the 9 energy turbulent spectrum has been parametrized from the energy q-spectrum 10 calculated from the turbulent dataset (EC measurements). This latter is 11
proportionnal to (1+12.5z m K)
, where K, is the spatial wavenumber, and z m 
Finally, theoretical results show that absorption mainly influences the 2 value of C n²
Determination of the absorption phenomena on the LAS Power 5

Spectrum Density 6
under conditions of a very low Bowen ratio, when wind speed is 3 strong.,Likewise, the shape of the turbulent spectrum has to be taken into account. 4
Absorption and scintillation (i.e., refraction) depend on eddy size. On one 7 hand, absorption is a path-integrated phenomenon introduced by large-scale 8 eddies. On the other hand, the scintillation effect measured by an LAS is due to 9 eddies that have a similar size to the beam diameter. As the importance of both 10 phenomena depends on the frequency range, spectral analysis is usually used to 11 separate the two phenomena. 12
To monitor the absorption phenomenon with an LAS, we analysed the 13 power spectral density of the signal that was recorded on the output of the 14 detector. 15
Three main zones can be identified on the power spectrum ( 
where v is the wind speed perpendicular to the transect (m s -1 ), k is the wave 10 number (m -1 ), f is the frequency (Hz), C nR ² is the structure parameter of the real 11 part of the air refractive index, and C nI ² is the structure parameter of the imaginary 12 part. However, this decomposition is not complete, as it is necessary to introduce 13 the cross-structure parameter between the real and imaginary parts of n, that is, 14 C nIR. Numerical calculations of the density power spectrum of this latter value 15
PSD IR lead to the asymptotic equation: 16
Mis en forme : Anglais (Royaume-Uni)
Analytical expressions for the spectra are listed in Appendix B. Thus, this last 2 term can change the expression of the transition frequency (i.e., the transition 3 between absorption and refraction) given by Nieveen et al. (1998) . No other 4 analytical expressions can be found for this transition frequency, and therefore, 5 numerical calculation is necessary. 6
Understanding the impact of absorption on the accuracy of C n²
By computing C 7 using an example 8 n² from the spectrum of scintillation, one can select the 9 refractive effects on the spectrum with quite high precision, excluding any 10 contribution from absorption. For instance, we calculated the power spectrum 11 density of the log amplitude fluctuations on July 17 th 2008 at 12 a.m. (Fig. 4a) and 12 6 p.m. UTC (Fig. 4b) . As the raw spectrum of scintillations is noisy, we first 13 processed the data with a logarithmic running mean method in order to smooth the 14 spectrum. We also calculated the expected C n² assuming no absorption conditions 15 (grey dashed line) according to Eq. 5 and the wind speed measured by a sonic 16 anemometer. We noticed that when scintillation is strong and absorption is weak, 17
as it is the case at midday, the absorption slope is only visible at very low 18 frequencies ( Figure 4a ). In these conditions, the expected and experimental values 19 of the C n² are similar (2.9e -13 m -2/3 compared to 3.07e
). Differences 20 between both C n² are partly due to the accuracy on the the refraction plateau 21 value, and on the wind speed measurement. However, when absorption is stronger 22 but scintillation is weaker, the absorption slope extends up to higher frequencies 23 ( Figure 4b ). This leads to an expected C n² (grey dashed line), which is lower than 24 the experimental one, (i.e. 2.3e -15 m -2/3 compared to 1.22e
). This is due to 25
an overestimation of the experimental C n² caused by extra variance integrated in 1 frequencies below 1Hz. Indeed, when the scintillometer measures turbulence, it 2 takes into account the absorption slope and then tends to overestimate C n² . This 3 highlights the need to filter absorption phenomena to improve the accuracy of C n² 6 4 measured by an LAS. 5 7
Effect of the wind speed on the LAS Power Spectrum Density 8
From the previous considerations, it seems important to attenuate the 9 absorption effect on the LAS signal, using an accurate filtering. According to 10 previous theoretical results (section 3.2), the absorption contribution is wind speed 11 dependent, since large eddies may have an important contribution for strong wind 12 speeds. However, even when absorption contribution is negligeable, the wind 13 speed modifies the shape of the power spectrum density (PSD) of the signal of a 14 scintillometer (see appendix B, Eq. 19). In this section, we will focus on the 15 influence of wind speed on the shape of the power spectral density of the signal 16 recorded by an LAS, and on its impact on the choice of the filter. 17 (1) is equal to the area (2). 2 Thus, when filtering the low frequencies with a simple high-pass filter, this will 3 reduce the area in (1) with no modification in (2): it means that we will have a 4 lower variance calculated in low wind speed conditions than in higher ones. So, a 5 part of variance is removed when filtering for low wind speed. This effect will be 6 quantified in the Results and Discussion sections. 
Attenuation of absorption by numerical filtering 11
The perfect filter for scintillometers should attenuate only the absorption 12 contribution to maintain a homogeneous refractive plateau. In other words, it must 13 properly detect the transition between the low-frequency absorption slope and the 14 refractive plateau. This is rather difficult to perform and achieve using a 15 scintillometer, partly due to the difficulty of data acquisition, spotting the 16 absorption slope and real-time processing. Thus, the standard LAS instrument 17 only uses analogical filtering; this technique is easy to implement, but it lacks 18 accuracy. Here, the configuration we used, i.e., data acquisition and numerical 19 filtering, is likely to accurately reduce the contribution of absorption phenomena 20 to the measurement. 21 
Various types of numerical filters can achieve this type of filtering. Here, 4
we chose to use a Gabor transform filter. Gabor filtering consists of processing a 5 fast Fourier transform of the signal, which is windowed by a Gaussian function, 6
and then time-scale shifted. The frequency coefficients related to frequencies that 7 must be attenuated are set to 0. Then the Gabor expansion uses these new 8 coefficients to reconstruct the filtered signal (Qian and Chen 1993) . Finally, this 9 filter presents good characteristics, as the fall-off is almost vertical, with 10 attenuation close to 40 dB and a fast computation time, which can make it usable 11 for real-time processing. Figure 6 displays the results of signal band-pass filtering 12 (BP) with the Gabor filter as well as with an IIR Tchebychev 2 filter of order 12. 13
In comparison to the Tchebychev technique, the Gabor filter is more efficient and 14 the absorption contribution is completely removed. 15
Mis en forme : Justifié
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Methodology for signal processing 1
As explained in section 2, the signal at the output of the detector of the 2 scintillometer was recorded at a 1 kHz sampling frequency (hereafter raw signal). 3
Then the raw signal was processed as follows. 4
a) The logarithm of the signal was calculated. 5
b) The Gabor transform was applied with a chosen band pass. 6 c) All Gabor coefficients outside the band pass were set to 0. the same time on a data-logger CR510 (Campbell). To ensure the quality of the 12 data, all periods in which |'Demod'| is under a certain threshold, e.g., 50 mV 13 (Kleissl et al. 2008 ). However, in our case, 100 mV is more appropriate. 14 Besides, a reference value is needed in order to evaluate the performance 23 of each filter. Among the possibilities of deriving a C n² close to an ideal one, we 24 choose to modify the raw signal so that its power density spectrum is close to 25 PSD R (Figure 7) . Thus,, so that only absorption fluctuations are removed. Indeed, 26
the process is the same as described above, except that the low cut-off frequency 1 varies to fit the transition frequency. The transition frequency, hereafter f T , 2 represents the frequency at which the absorption slope intercepts the refractive 3 plateau, i.e., the transition frequency between absorption and refractive areas (see 4 Figure 3) . Then, the Gabor coefficients outside the band pass (step c) are not set to 5 0, but their value is kept at the value of the refractive plateau. Thus, we have 6 achieved a reconstructed spectrum, which is representative of a reconstructed C n² 7 ( Figure 7 ). This reconstructed C n² is considered as a reference in the "results 8 section, as is it is supposed to be an 'ideal' C n² i.e. not affected by absorption 9 fluctuations. 10 11 12
13
Hereafter the C n² derived from these different filtering processes will be denoted 14 as : 15 
Results
12
Gabor filtering was applied to optimise the band-pass filter of the LAS and 13 then to quantify the contribution of absorption to the C n² measurements, on a 14 12-day dataset between August 2 and August 13 2008. A preliminary study has 15 been realized to evaluate the performance of Gabor filtering. Then, optimisation 16 was performed by considering traditional filtering with a fixed cut-off frequency. 17
For a given low cut-off frequency, the observed variance depends on the upper 18 corner frequency (and therefore on the width of the refractive plateau), which 19 varies linearly with wind speed (Nieveen et al. 1998). Therefore, the frequency 20 response of the filter must be chosen so that the variations of the C n² upon the 21 width of the refractive plateau are negligeable. Then, to estimate the contribution 22 of absorption to the C n² measurement, we applied an adaptive filtering to the 23 signal from the LAS output. 24
Evaluation of Gabor filtering on the raw signal : comparison with 1 the C n² measured by an LAS 2 3
First, to evaluate the accuracy of Gabor filtering, we compared values of 4 C n² , derived from the raw signal, to which a Gabor filter has been applied, with 5 C n² LAS, calculated by the WUR LAS. Indeed, we implemented the same filtering 6 as the one of the electronics of the WUR LAS, which is a band pass filter BP 0.1 -7 -400 Hz. The results are displayed in Figure 8 . They show an excellent correlation 8 (R²=99%) and a regression slope close to unity. The slight difference in the slope 9 is probably due to the electronics or to the calibration of the transect length. This 10 latter kind of error can approach 6% of the value of C n² Thus, this first experimental step shows that our acquisition and processing 12 system can be used to test and evaluate other kinds of filtering. 
Estimation of the contribution of absorption to the C n²
The C measured 1 by an LAS 2 n² measured by an LAS can be overestimated by the contribution of 3 absorption. As it has been previously described, spectral analysis is the only way 4 to differentiate the absorption contribution from the refraction (scintillation). By 5 comparing the C n² (raw signal) and the "reconstructed C n² ", we aim at quantifying 6 the absorption contribution on the C n² measured by the LAS. The first step is then 7 to detect f T There is no automatic tracking available to perform f in order to create the reconstructed signal. 8 T The "reconstructed Cn²", described in section 4.3, has then been calculated 17 using the transition frequencies. The C detection accurately, 9 so detection must be supervised by an operator. We computed the power spectra 10 over 5 minutes, which correspond to the largest time interval affordable with 11 respect to computation constraints. Then, we determined the transition frequency 12 for each spectrum for the 12-day dataset from August 2 to 13 2008. Transition 13 frequencies are plotted on Fig. 9 with the demodulated signal. The average 14 frequency detected on this dataset is estimated at 0.1Hz but is highly variable, 15 with a maximum value at 1.5Hz. 16 n² (raw signal) has been compared to the 18 "reconstructed C n² ". Then, it is possible to quantify the effect of absorption 19 contribution on the signal recorded by a scintillometer, hereafter denoted as the 20
The average contribution of absorption phenomena is estimated at 1.6% over the 22 period, but it is highly variable with maximum values at 81%. 23
These results clearly show that the absorption phenomenon occasionally 3 affects the C n ² estimates ; so there is a real need of applying better filters to the 4 signal of the LAS, in order to improve the accuracy on the C n² . 5
Evaluation of the results of a band pass filtering 1
The wind speed dependence of the width of the refractive plateau 2
The lower cut-off frequency of the LAS we used from WUR was set at 0. suggested to increase this lower cut-off frequency to 0.5 Hz. These choices 6 represent a compromise between attenuation by absorption phenomena and 7 conservation of refraction effects, although the influence of the wind speed on the 8 refraction plateau is not taken into account. Therefore, we decided to test various 9 filtering effect under various wind speed conditions. Experimental results will be 10 presented in regardsconfronted of to theoretical ones. 11
The Ttheoretical power spectrum density, calculated in section 3.5, were 12 is processed to evaluate the underestimation of the variance induced by filtering 13 effect. This underestimation has been estimated for three cut-off frequencies : 0. 
Hz. In these conditions, the contribution of absorption can be neglected, and the 1 raw signal is considered to be the same as the reconstructed one. 2
4
According to Figure 10 , we observe low ΔC n² versus wind speed in the 5 case of the BP 0.1-400 Hz; this means that the effect of filtering between 0.1 and 6 400 Hz is nearly constant with wind and does not influence relative differences in 7 C n² . The maximum ΔC n² value obtained in this case is estimated at 0.5% for v = 8 0.2 m s -1 . Therefore, in these conditions, the variance of the signal (and hence C n² ) 9
is not dependent on the width of the refractive plateau. In contrast, the BP filter 10 0.5-400 Hz has a stronger effect under low wind speeds than under wind speeds 11 greater than 1.5 m s -1 . Actually, ΔC n² values can raise up to 55% (v < 0.4 m s -1 ) , 12 and are always greater than 2 %. These results are in good accordance with 13 expected ones shown in Table 1 . Thus, we can conclude that a portion of the 14 variance is omitted when computing C n² with a fixed band-pass filter, as C n² 15 depends on the width of the refractive plateau. The BP filter 0.2-400 Hz is also 16 absorption-free conditions leads to an underestimation of C n² , whereas in 14 absorption conditions, the filters introduce an overestimation of C n² . According to 15 Figure 11 , the average contribution of the absorption phenomena (which cannot 16 be separated from the wind speed sensitivity) to C n² is estimated at 0.7% (± 5%) 17 or 0.6% (± 5%), for respectively a 0.1 Hz or 0.2 Hz low cut-off frequency. 18
However, some spectra are more affected by absorption, with values of ΔC n² 19 rising up to 70% for the BP 0.1-400Hz filter (respectively 60% for the BP 0.2-20 400Hz filter). 21
Thus, the final choice of the low cut-off frequency is dependent on 2 experimental conditions. The BP filter 0.2-400 Hz is preferable when using 3 scintillometers in windy regions (wind speed > 0.5 m s -1
Improvements due to the use of an adaptive filtering 8 ), as the absorption 4
contribution is reduced and the filtering is nearly independent on wind conditions. 5
The BP filter 0.1-400 Hz is preferable in others cases as the effectiveness of the 6 filtering is nearly not affected by wind conditions. 7
Instead of using a fixed low cut-off frequency value for a band-pass filter, 9
we can complete and improve previous results with an adaptive filter (i.e., band-10 pass filtering) of the type f T -400 Hz, where f T is the transition frequency between 11 absorption and refraction, described in sections 3.3 and 4.1. In this way, we can 12 take advantage of filtering with little sensitivity to wind speed, and by attenuating 13 all absorption contribution. 14
Then, we applied the Gabor transform to the dataset and performed an 1 expansion with these adaptive frequencies, according to the Gabor filtering 2 description in section 4.1. We compared the relative differences between the 3 results of 'adaptive filtering' and 'reconstructed' C n² (Figure 11c ). These relative 4 differences are computed as before according to the expression: ΔC n² =[C n² 5 (adaptive filtering) -C n² (reconstructed)]/ C n² (reconstructed). To remain coherent 6
with previous results, we display the results of ΔC n² versus the wind speed. The 7 same dataset is considered, and ΔC n² is plotted in black circles in figure 12 . The 8 effectiveness of the filtering of the signal from the LAS output is improved as the 9 averaged ΔC n² is around -0.06% whatever the wind speed. In this case, C n² is 10 always underestimated but ΔC n² does not exceed -3% in the worst cases. 11
13
Finally, the use of an adaptive filtering could be the solution to 1) attenuate 14 absorption and 2) reduce the sensitivity of the filter to wind speed conditions. 15
In the previous section, we presented promising results on the filtering of 2 the LAS signal in agreement with its sensitivity to wind speed and the absorption 3 fluctuations attenuation. Indeed, we manage to highlight these various effects on 4 an experimental dataset and to quantify it. However, these results have to be 5 discussed regarding to theoretical results. 6
For instance, when studying the effect of the wind speed, we showed that 7 the underestimation of the variance due to a fixed band-pass filtering is in good 8 agreement with the results obtained in Table 1 (see section 4.3). A slight 9 underestimation of the experimental results compared to theory can be noticed, 10 mainly for low cut-off frequencies. This can be explained by the lack of accuracy 11 of filtering when the cut-off frequency decreases. On the contrary, the theory did 12 not forecast the large spread, observed in the results of Fig. 10 at low wind speeds. 13
The theoretical calculations have been performed using two turbulent spectral 14 shapes (see section 2.5): one proposed by Kolmogorov (1941) Another hypothesis that seems to be more consistent is the difference between the 20 local measurement of the wind speed by the sonic anemometer and, the wind 21 speed variations along the path of the scintillometer. However, there is no 22 measurement of the integrated wind speed along the scintillometer path so in Fig.  23 11, the wind speed value is a local one measured with the sonic anemometer. 24
However, no measurements are available to verify this hypothesis. 25
TheE experimental results of section 5.2 on the contribution of absorption 1 to the C n² measured by an LAS (section 5.2) differ from expected ones (section 2 2.2). Actually, by definition, ΔC n² (raw signal) should be the same as 3 (σ IR +σ² I )/σ² R . However, theoretical values of (σ IR +σ² I )/σ² R , calculated with our 4 turbulent dataset do not exceed 1.2% for a Kolmogorov spectrum, whereas they 5 can reach 23% when considering a Kaimal spectrum. Although experimental 6 results of section 5.2 showed an average value close to the theoretical results 7 (ΔC n² (raw signal) is close to zero most of the time), there are also events with a 8 strong absorption contribution, which do not correspond to theoretical calculations 9 since ΔC n² can reach 80%. Moreoever, in these latter cases, neither the wind speed 10 nor the Bowen ratio, can be related to the presence of strong absorption 11 contribution. Therefore, we focussed on the behaviour of the turbulent spectrum 12 using turbulent values of temperature (T) and humidity (q), recorded at 20Hz with 13 the flux tower instruments. August 5 was chosen for the comparison, as the 14 maximum transition frequencies (1.47 Hz) were observed on this day. Three 15 periods have been compared, the first one at 730 UTC (Figure 14 a. & d. ) close to 16 the transition between stable and unstable atmospheric regimes, the second one, at 17 1400 UTC (Fig. 14 b & e) when turbulence is developped, and the last one at 18 2000 UTC (Fig. 14 c & f) during stable conditions. Results at 730 UTC (Fig. 14a)  19 show a large discrepancy between q and T spectrum, due to the contribution of 20 energetic low frequencies phenomena in the q-spectrum. This behaviour is 21 translated into the power density spectrum of the raw signal of the scintillometer, 22
and then induced a large contribution of absorption, about 39% of C n² (Fig. 14d) . 23 At the beginning of the afternoon, at 1400 UTC, both T and q spectrum spectra 24 have the characteristic shape of the turbulent spectrum suggested by Kaimal et al. 
absorption contribution) on the power density spectrum of the raw signal of the 1 scintillometer (Figure 14e) . Eventually, at 2000 UTC, the humidity (q) power 2 spectrum density increases at low wavenumbers, whereas the temperature 3 spectrum is nearly constant (Fig. 14c) . Moreover, the wind speed is higher at 2000 4 UTC and it reaches 2.7 m s -1 , whereas the wind speed is 0.2 m.s -1 and 0.9 m s -1 , at 5 0730 UTC and 1400 UTC respectively. Therefore, in these conditions, the high 6 transition frequency (1.47 Hz) can be explained by a low refractive plateau (high 7 wind speed and low temperature fluctuations), and a high contribution of low 8 wavenumbers in the humidity spectrum (Figure 14f. ). Although the transition 9 frequency is the highest observed in this dataset, ΔC n² only worth 23%, which is 10 far from its maximum (81%). This may be due to the lack of performance of the 11 filtering in low signal to noise conditions. Eventually, these results show the importance of the shape of the turbulent 13 spectrum, and mainly of the q-spectrum, on the contribution of absorption on the 14 
In this study, raw measurements with an LAS were used to evaluate 4 various type of filtering techniques to understand and quantify the contribution of 5 absorption to the C n² measurement. Accuracy filtering was performed with the 6
Gabor transform and expansion. This filtering technique offers the opportunity to 7 (Solignac 2009b ). This latter option 26 
where D is the aperture diameter,
wavenumber, and z is the path position.
respectively the spatial power spectra of the real part, imaginary part and cross-18 correlation between real and imaginary part of the refractive index. If we consider 19 the case of strong humidity fluctuations, δT has a negligible contribution to n I , but 20 δT and δq contribute to n R . 21 
The Bowen ratio can be used to simplify these equations:
where c p is the heat capacity of air, L v is the latent heat, and σ T and σ q
are the 2 standard deviations of T and q, respectively (for detailed description, see Moene 3 2003). Moreover, temperature and specific humidity are often highly correlated, 4 so the correlation coefficient between T and q is usually assumed to be equal to ±1 5 depending on atmosphere stability. However, this assumption is verified only for 6 |β|>0.1 (Lüdi et al., 2005 , Solignac, 2009b . Then: 7
As such, the ratio of each variance at a given wavelength, and for a given 9 set up, is dependent on the choice of the turbulent spectral behaviour 
4
The emission diagram of the LED is also displayed (grey dashed line). 
